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Abstract.  [Purpose] The purpose of this study was to investigate the effects of motor imagery training on
improvement of gait ability of patients with chronic stroke. The motor imagery training was performed using
imagination of normal gait movement. [Subjects] Participants were randomly allocated to two groups: a motor imagery
training group (n=13) and a control group (n=11). [Methods] Both groups received treadmill training for 3 session 30
minutes per week for 6 weeks. The motor imagery training group practiced additional motor imagery training.
Measures were evaluated by gait ability. [Results] The outcomes significantly improved by motor imagery training
were gait speed, step length of paretic side, step length of non-paretic side, stride length of paretic side, stride length of
non-paretic side, single limb support period of paretic side, and double limb support period of both sides. [Conclusion]
The motor imagery training improved gait ability. These results suggest that motor imagery training is feasible and
suitable for individuals with stroke.
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INTRODUCTION

Stroke is the second major cause of death except cancer in
Korea. Stroke prevalence is 6.7 and the death rate is 0.6 per
1000 individuals1). Stroke patients have functional
limitations and disabilities2). The causes of the functional
limits and disabilities are various, and depend on the
involved site and the extent of damage. Nevertheless, motor
and sensory paralysis on one side of a victim’s body is
common symptom3). Stroke causes depression among
patients, creating problems with their interpersonal
relationships and social lives, and lowering their quality of
life4).

Hemiplegic people show asymmetrical body alignment
because of different muscle tone between the affected and
unaffected sides. These changes may result in gait
deterioration5). Generally, longer stance phase duration and
shorter swing phase duration during gait on the affected side
are shown, and the step length, gait cycle and velocity are
changed6). As stroke patients have decreased balance
ability, they show an inefficient gait pattern through
consumption of more energy7). This abnormal gait pattern
limits ADL and decreases independence of patients,
restricting their participation in society8). Restoration of
normal gait ability is one of the most important goals of
rehabilitation and many interventions have been used to
improve this ability9).

Recent ly,  many studies have invest igated new

interventions, and mental practice with motor imagery
training has emerged as a technique showing particular
promise. Mental practice with motor imagery training uses
cognitive control to improve neurological activity of the
brain circuit10). The training goal is to develop learning
ability for given tasks by repeatedly imagining the
motion11). The validity of motor imagery training has been
proved by studies of brain imaging using PET or MRI12).
According to previous studies, the same brain area is
activated when the same task is performed in real training or
image training13), and the neural network is activated after
performing motor imagery training in both healthy and
chronic hemiplegic subjects11).

Motor imagery training has been well studied in sports
and is effective at improving player’s performance and the
acquisition of new skills14–15). Although the application of
athletic imagery training to patients has not proven, it has
been used as a primary method for rehabilitation16). Since the
positive effect of motor imagery training has been proved by
many studies, the necessity of motor imagery training has
gradually been recognized17). Many studies18–22) have
demonstrated that motor imagery training improves upper
extremity function in hemiplegic patients. Research to date
has provided varying results: upper extremity function in
hemiplegic patients improved over that of a control group
after motor imagery training18), and motor imagery training
was effective for the improvement of hemiplegic patients
with neglect23). Gait ability of hemiplegic patients has also
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been improved after gait training with motor imagery of the
normal gait pattern24). Some studies have suggested that a
motor imagery home training exercise is effective at
improving the motor function of hemiplegic patients, and
have mentioned the necessity of continuing motor imagery
studies25–26). However, motor imagery training studies of
gait function are few, there is only one study of the lower
extremity, and there have been no randomized controlled
studies.

Thus, the aim of this study was to investigate whether gait
training on a treadmill with motor imagery training of the
normal gait pattern affected hemiplegic patients’ gait
ability.

SUBJECTS AND METHODS

The subjects of this study were 40 patients with stroke
who were participating in a rehabilitation program of
community center. Subjects were recruited according to the
following inclusion criteria: hemiparetic from a single
stroke occurring at least six months earlier; able to walk 10
m independently without an assistive device; Mini-Mental
State Examination (MMSE)27) scores of 24 or higher; no
known musculoskeletal conditions that would affect the
ability to safely walk repeatedly; and absence of serious
visual impairment or hearing disorder. Four subjects were
excluded because they failed to meet the inclusion criteria.
Thirty-six subjects provided their written informed consent
prior to participating in the study.

Subjects were randomly assigned to one of the two
groups after initial evaluation using a simple random
sampling method for minimizing the selection bias. After
randomizat ion,  18 pat ients  were ass igned to  the
experimental group (treadmill gait training plus motor
imagery training) and the remaining 18 patients were
assigned to the control group (treadmill gait training). Five
patients from the experimental group and seven patients
from the control group dropped out of the study due to
health condition, loss of interesting, refusal to continue and
individual circumstances. Hence, outcome data were
obtained from 13 patients in the experimental group and 11
patients in the control group (Table 1).

Subjects in the experimental group underwent 30 minutes
of motor imagery (MI) training and 30 minutes of treadmill
gait training 3 times a week for 6 weeks. Subjects in the
control group only participated in the 30 minutes of
treadmill gait training.

MI training was composed of imagination of normal gait
movement. It was carried out for 15 minutes after provision
of visual and auditory information for 15 minutes. The
provision of visual and auditory information was composed

of: watching a video clip of normal gait movement being
performed by normal people, and listening to a researcher’s
explanation of normal gait movement. MI training was
performed utilizing a method used in prior studies24–26). In
the MI training, subjects figured out for themselves the
movement while listening to a researcher describe normal
gait movement. MI training was divided between visual
imagery and kinematic imagery. Visual imagery is the
imagination of one’s body movement from an external point
of view and kinematic imagery is an imagination of internal
sensory information while the body is moving. In the visual
imagery of this study, subjects imagined affected leg
movement as if it were the unaffected leg after imagining
the normal movement of the unaffected side from an
external point of view. In the kinematic imagery of this
study, subjects imagined body moving on the affected side
as if it were the unaffected side after imagining the sensory
information felt during the movement of the unaffected side.

MI training was executed in a quiet place during the
afternoon and subjects sat on a chair with maintaining the
most comfortable position to relax their heart and body to
increase the effect of MI training. A proper temperature for
MI training was maintained. MI training was performed by
a researcher who had sufficient experience of MI training
and was carried out using the same protocol by the same
researcher from start to finish.

Treadmill gait training was carried out using a treadmill
(Health Trac S990, Gymtech, Korea). The gait speed for all
subjects was determined using the self-paced capability of
the treadmill. Then, the subjects were able to modify gait
speed at will28).

Gait abilities were measured using an electrical walkway
system (GAITRite, CIR system inc., USA). The system
captures temporal and spatial gait parameters and connects
to the serial port of a personal computer. It consists of an
810 × 89 × 0.625 cm (length × width × height) instrumented
mat with 27,648 embedded pressure sensitive sensors
spaced at 1.27 cm arranged in a 48 × 576 grid. The sampling
rate was 80 Hz and the obtained data were analyzed using
gait analysis software (GAITRite GOLD, version 3.2b).
Subjects walked at their comfortable gait speed over 3 trials.
Subjects initiated and terminated walking a minimum of 3 m
from the start and end of the walkway to maintain the gait
speed on the mat. A verbal command was given to initiate
walking and one of the examiners accompanied the subject
to prevent a fall during walking. Gait speed, cadence, step
length, stride length, single limb support for both the
affected and unaffected legs, and double limb support were
measured.

Statistical analyses were performed using SPSS version
15.0 software. After confirming the normality of the data by

Table 1. Subject characteristics

Group N Sex Age Height Weight
(male/female) (years) (cm) (kg)

Experimental 13 6/7 60.7 (7.53) 160.5 (8.6) 66.3 (7.8)
Control 11 4/7 61.9 (11.26) 163.8 (8.0) 67.0 (5.9)

NOTE. Values are frequency or mean (SD).
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using the Shapiro-Wilks test, pre and post-intervention data
were examined with the paired t-test for each group of
subjects and the independent t-test for both groups. The
level of significance was chosen as 5% for all statistical
analyses.

RESULTS

After completion of 8 weeks intervention, gait speed
among the temporal parameters, and paretic step length,
non-paretic step length, paretic stride length, non-paretic
stride length, and paretic single limb support period among
the spatial parameters had significantly increased in the MI
training group, compared to pre-intervention (p<0.05).
However, between the MI training group and the control
group, there was no significant difference in the change of
gait speed at 8 weeks post-intervention. After intervention,
the MI training group showed a significant reduction in the
double limb support period on both sides compared to pre-
intervention (p<0.05), whereas in the control group, there
was no significant change (Table 2, 3).

DISCUSSION

In the case of instability of gait ability, a shortening stride
length and an increasing interval between each step bring
about a reduction cadence, and the single limb support
period is decreased and the double limb support period is
increased29). A decrease of weight bearing time and an
increase double limb support period of a hemiplegic patient

slows the gait cycle, and the stride and step length of the
paretic side increase6).

Gait speed is a clinical criterion for assessing an
independent gait ability and function-recovery ability30).
Many previous studies31,32) have researched the relationship
between gait speed and activities of daily living in
hemiplegic patients. In general, gait speeds of 0.4 m/s for
living at home, 0.58–0.8 m/s for restricted social activities,
and above 0.8 m/s for social activities are required. This
study showed that gait speed was increased by 0.17 m/s in
the MI training group and by 0.10 m/s in the control group.

A study of gait training for 4 weeks based on the Bobath
theory involving chronic stoke patients showed a significant
increase in gait speed33). After walking exercise using a
treadmill and computer instruments in real time, gait speed
and strides of people with stroke improved significantly34).
In a virtual reality gait training study, gait speed was
increased35). MI training studies for hemi-paretic patients
have reported improvements in gait speed24,26). Those
previous studies reported results similar to this study: the
improvement of gait speed was due to an increase of stride
length in the paretic side.

In the present study, cadence of the MI training group
increased insignificantly, and step length and stride length
significantly increased. The normal cadence of adults is 113
steps/min and the stride length is 1.41–1.46 m, of men is
longer than that, 1.28 m, of women by 14 %36). The average
gain of stride length in MI training group was 0.19 m, and in
the control group it was 0.15 m. Although there was no
significant difference in stride length between the MI

Table 3. Comparison of Spatial Gait Measures Within Groups and Between Groups

Values Change Values

Experimental (n=13) Control (n=11) Experimental (n=13) Control (n=11)
Measures

Pretest Posttest Pretest Posttest Post-Pre Post-Pre

Step length P 32.15 (11.64) 41.86(8.98)** 34.10 (13.02) 42.87 (8.74)***  9.71 (2.66) 8.77 (4.24)
 (cm) NP 26.18 (8.97) 35.26(6.92)*** 32.39 (11.49) 38.66 (7.53)**  9.07 (2.05)  6.27 (3.96)
Stride length P 58.69 (15.55) 77.20 (13.48)*** 66.58 (19.66) 81.48 (11.93)*** 18.51 (12.68) 14.90 (13.63)
 (cm) NP 58.42 (15.62) 77.63 (13.66)*** 66.99 (19.98) 82.07 (11.98)** 19.21 (13.66) 15.08 (14.72)
Single limb P 20.14 (5.96) 25.37 (6.27)*** 21.55 (7.51) 24.94(6.39)**  5.23 (3.31)  3.40 (3.87)
 support (%) NP 35.50 (6.03) 36.88 (5.78) 34.05 (7.29) 34.79 (6.56)  1.38 (3.40)  0.74 (4.52)
Double limb P 44.17 (10.05) 38.04 (9.29)** 44.35(12.59) 40.44 (10.20) –6.14 (5.51) –3.91 (8.58)
 support (%) NP 43.95 (11.11) 38.17 (9.43)** 44.58 (14.43) 40.86 (10.55) –5.78 (6.58) –3.73 (9.31)

NOTE. Values are mean (SD). Abbreviation: P; paretic side, NP; non-paretic side, Post-Pre; posttest-pretest. *p<0.05, **p<0.01, ***p<0.001 by
paired t-test.

Table 2. Comparison of Temporal Gait Measures Within Groups and Between Groups

Values Change Values

MI training (n=13) Control (n=11) Experimental (n=13) Control (n=11)
Measures

Pretest Posttest Pretest Posttest Post-Pre Post-Pre

Speed (cm/s) 39.28 (13.77) 55.68 (17.72)** 41.82 (19.96) 51.50(19.73)* 16.40 (15.66) 9.69 (15.60)
Cadence (step/min) 80.02 (11.13) 84.86 (15.87) 73.61 (17.15) 74.32(20.25) 4.84 (13.55) 0.71 (11.48)

NOTE. Values are mean(SD). Abbreviation: P; paretic side, NP; non-paretic side, Post-Pre; posttest-pretest. *p<0.05, **p<0.01
by paired t-test.
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training and control groups, the MI training group showed
greater improvement than the control group. This result
demonstrates that MI training improved the accuracy of
movement, thereby increasing stride length.

In both groups of this study, the single limb support
period on the non-paretic side showed no significant
difference, but on the paretic side the differences were
significant. The improvement on the paretic side is a mark
of better symmetry in the gait pattern. In the MI training
group, the double limb support period on both sides was
significantly decreased, which is in agreement with the
results of previous studies24–26). However there was no
significant change in the control group. These results show
that the shortening of the double limb support period is
evidence of increasing gait speed and an improvement of the
single limb support period on the paretic side. Furthermore,
treadmill exercise with MI training was more effective than
treadmill gait training only for gait ability.

The results of this study imply that activation of neural
tracts and reorganization of the side of the brain
contralateral to the affected side contributed to the
improvement in gait ability25).

In conclusion, 8-week MI training resulted in an
improvement in the gait ability of people with chronic
stroke. Perhaps greater benefits could be gained by focusing
more heavily on imagery of impairments on the affected
side. Motor training performed using imagery is a low-cost
and low-risk motor rehabilitation intervention for
individuals with stroke. Further study is needed to modify
and optimize the present program and should be focused on
MI training for various functions for stroke patients.

REFERENCES

1) Statistics: Annual report on the cause of death statistics. Seoul: Korean
National Statistical Office, 2008.

2) Withall A, Brodaty H, Altendorf A, et al.: Who does well after a stroke? The
Sydney stroke study. Aging Ment Health, 2009, 13: 693–698.

3) Mercier L, Audet T, Hebert R, et al.: Impact of motor, cognitive, and
perceptual disorders on ability to perform activities of daily living after stroke.
Stroke, 2001, 32: 2602–2608.

4) Astrom M, Asplund K, Astrom T: Psychosocial function and life satisfaction
after stroke. Stroke, 1992, 23: 527–531.

5) Nyberg L, Gustafson Y: Patient falls in stroke rehabilitation. A challenge to
rehabilitation strategies. Stroke, 1995, 26: 838–842.

6) Wagenaar RC, Beek WJ: Hemiplegic gait: a kinematic analysis using walking
speed as a basis. J Biomech, 1992, 25: 1007–1015.

7) Granat MH, Maxwell DJ, Ferguson AC, et al.: Peroneal stimulator; evaluation
for the correction of spastic drop foot in hemiplegia. Arch Phys Med Rehabil,
1996, 77: 19–24.

8) Perry J, Garrett M, Gronley JK, et al.: Classification of walking handicap in
the stroke population. Stroke, 1995, 26: 982–989.

9) Jorgensen HS, Nakayama H, Raaschou HO, et al.: Recovery of walking
function in stroke patients: the Copenhagen Stroke Study. Arch Phys Med
Rehabil, 1995, 76: 27–32.

10) Cicinelli P, Marconi B, Zaccagnini M, et al.: Imagery-induced cortical
excitability changes in stroke: a transcranial magnetic stimulation study.
Cereb Cortex, 2006, 16: 247–253.

11) Lacourse MG, Turner JA, Randolph-Orr E, et al.: Cerebral and cerebellar
sensorimotor plasticity following motor imagery-based mental practice of a
sequential movement. J Rehabil Res Dev, 2004, 41: 505–524.

12) Lafleur MF, Jackson PL, Malouin F, et al.: Motor learning produces parallel
dynamic functional changes during the execution and imagination of
sequential foot movements. Neuroimage, 2002, 16: 142–157.

13) Ehrsson HH, Geyer S, Naito E: Imagery of voluntary movement of fingers,
toes, and tongue activates corresponding body-part-specific motor
representations. J Neurophysiol, 2003, 90: 3304–3316.

14) Atienza FL, Balaguer I, Garcia-Merita ML: Video modeling and imaging
training on performance of tennis service of 9- to 12-year-old children.
Percept Mot Skills, 1998, 87: 519–529.

15) Roure R, Collet C, Deschaumes-Molinaro C, et al.: Imagery quality estimated
by autonomic response is correlated to sporting performance enhancement.
Physiol Behav, 1999, 66: 63–72.

16) Decety J: Neural representations for action. Rev Neurosci, 1996, 7: 285–297.
17) Trombly CA, Wu CY: Effect of rehabilitation tasks on organization of

movement after stroke. Am J Occup Ther, 1999, 53: 333–344.
18) Page SJ, Levine P, Sisto SA, et al.: Mental practice combined with physical

practice for upper-limb motor deficit in subacute stroke. Phys Ther, 2001, 81:
1455–1462.

19) Page SJ, Levine P, Sisto S, et al.: A randomized efficacy and feasibility study
of imagery in acute stroke. Clin Rehabil, 2001, 15: 233–240.

20) Page SJ, Levine P, Sisto S, et al.: Stroke patients’ and therapists’ opinions of
constraint-induced movement therapy. Clin Rehabil, 2002, 16: 55–60.

21) Page SJ, Levine P, Leonard AC: Effects of mental practice on affected limb
use and function in chronic stroke. Arch Phys Med Rehabil, 2005, 86: 399–
402.

22) Dijkerman HC, Ietswaart M, Johnston M, et al.: Does motor imagery training
improve hand function in chronic stroke patients? A pilot study. Clin Rehabil,
2004, 18: 538–549.

23) Smania N, Bazoli F, Piva D, et al.: Visuomotor imagery and rehabilitation of
neglect. Arch Phys Med Rehabil, 1997, 78: 430–436.

24) Dickstein R, Dunsky A, Marcovitz E: Motor imagery for gait rehabilitation
in post-stroke hemiparesis. Phys Ther, 2004, 84: 1167–1177.

25) Dunsky A, Dickstein R, Marcovitz E, et al.: Home-based motor imagery
training for gait rehabilitation of people with chronic poststroke hemiparesis.
Arch Phys Med Rehabil, 2008, 89: 1580–1588.

26) Dunsky A, Dickstein R, Ariav C, et al.: Motor imagery practice in gait
rehabilitation of chronic post-stroke hemiparesis: four case studies. Int J
Rehabil Res, 2006, 29: 351–356.

27) Folstein MF, Folstein SE, McHugh PR: “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician. J Psychiatr
Res, 1975, 12: 189–198.

28) Lamontagne A, Fung J, McFadyen BJ, et al.: Modulation of walking speed
by changing optic flow in persons with stroke. J Neuroeng Rehabil, 2007, 4:
22.

29) Patla A: A Framework for Understanding Mobility Problems in the Elderly.
St. Louis: Mosby Year-book, 1995.

30) Kim CM, Eng JJ: The relationship of lower-extremity muscle torque to
locomotor performance in people with stroke. Phys Ther, 2003, 83: 49–57.

31) Hill K, Ellis P, Bernhardt J, et al.: Balance and mobility outcomes for stroke
patients: a comprehensive audit. Aust J Physiother, 1997, 43: 173–180.

32) Lord SE, McPherson K, McNaughton HK, et al.: Community ambulation
after stroke: how important and obtainable is it and what measures appear
predictive? Arch Phys Med Rehabil, 2004, 85: 234–239.

33) Hesse SA, Jahnke MT, Bertelt CM, et al.: Gait outcome in ambulatory
hemiparetic patients after a 4-week comprehensive rehabilitation program
and prognostic factors. Stroke, 1994, 25: 1999–2004.

34) Suzuki K, Imada G, Iwaya T, et al.: Determinants and predictors of the
maximum walking speed during computer-assisted gait training in
hemiparetic stroke patients. Arch Phys Med Rehabil, 1999, 80: 179–182.

35) Jaffe DL, Brown DA, Pierson-Carey CD, et al.: Stepping over obstacles to
improve walking in individuals with poststroke hemiplegia. J Rehabil Res
Dev, 2004, 41(3A): 283–292.

36) Beck RJ, Andriacchi TP, Kuo KN, et al.: Changes in the gait patterns of
growing children. J Bone Joint Surg Am, 1981, 63: 1452–1457.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


